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Abstract
Objectives  The aim of the present study is to evaluate the accuracy of a digital template on the three-dimensional 
accuracy of edentulous implantation through a retrospective study to provide more clinical evidence for the use of 
digital templates in edentulous patient.

Materials and methods  This study evaluates the efficacy of a digital surgical template in edentulous jaws, 
comparing preoperative plans with postoperative outcomes across four metrics: platform, apex, depth, and angular 
deviations. Utilizing a patient with an edentulous maxilla as a case study, this research employs CBCT for preoperative 
and postoperative assessments, with deviations analyzed via 3-Shape software. Comparing these deviations with 
average deviations in lierature.

Results  The average platform deviations at positions 12, 14, 16, 22, 24, 26 were 0.98 ± 0.03 mm, 1.43 ± 0.02 mm, 
1.27 ± 0.04 mm, 1.35 ± 0.03 mm, 1.34 ± 0.02 mm, and 1.42 ± 0.03 mm, respectively. The average apex deviations were 
1.28 ± 0.02 mm, 1.39 ± 0.03 mm, 1.47 ± 0.04 mm, 1.26 ± 0.04 mm, 1.40 ± 0.04 mm, and 1.48 ± 0.03 mm, respectively, the 
average angular deviations were 3.50°± 0.08°, 2.87°± 0.07°, 3.49°± 0.06°, 3.36°± 0.10°, 3.41°± 0.13°, and 3.69°± 0.11°, 
and average depth deviations were 0.29 ± 0.03 mm, 0.26 ± 0.05 mm, 0.59 ± 0.05 mm, 0.28 ± 0.04 mm, 0.47 ± 0.02 mm, 
0.53 ± 0.03 mm. Compared with a total mean deviation of 1.2 mm (1.04 mm to 1.44 mm) of platform deviation, 
1.4 mm (1.28 mm to 1.58 mm) of apex deviation, angular deviation of 3.5°(3.0° to 3.96°) and depth deviation of 
0.2 mm (-0.25 mm to 0.57 mm) reported in literature. While all measured deviations fell within clinically acceptable 
limits, certain parameters exceeded the benchmarks, suggesting areas for improvement in digital surgical planning 
and execution.

Conclusions  This study indicates that while all measured deviations fell within clinically acceptable limits, certain 
parameters exceeded the benchmarks, suggesting areas for improvement in digital surgical planning and execution. 
Based on these data, the potential of digital guide plates to fulfill precision requirements in edentulous jaw 
implantation can be proved, contributing valuable insights into the optimization of implant surgery protocols.

Clinical relevance  Now, the digital template is accepted by many doctors. However, clinical research has not 
thoroughly verified whether the new digital technology is more accurate than traditional technology. So, this study 
aims to explore the effect of a whole-process digital template on edentulous implantation and provide more clinical 
evidence.
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Introduction
Implant restoration represents a cornerstone in address-
ing dental defects or tooth loss, with the integration of 
digital and 3D printing technologies marking a revolu-
tion in dental practices. The advent of such technologies 
has broadened their application within dentistry, notably 
in the domain of implant surgery. Numerous studies have 
shown that implant surgery with the help of digital tech-
nology not only contributes to accurate surgical execu-
tion but also bridges the gap between surgical planning 
and actual procedure [1–3], including digital templates, 
dynamic navigation, augmented reality, and surgical 
robots. Among them, a critical component for the endur-
ing success of dental implants is the digital template [2].

The workflow of implant surgery using a digital guide 
fabricated by all implant planning software encompasses 
four stages: digital data acquisition, implant planning, 
surgical template fabrication, and the guided implanta-
tion itself [4, 5]. This approach ensures the translation 
of planned surgical interventions into the surgical set-
ting with heightened accuracy and shorter surgery time, 
which means less surgical trauma [6]. Importantly, plate-
guided surgery demonstrates superior precision over 
traditional freehand techniques, markedly minimizing 
the risk of implant misalignment [7]. Moreover, flapless 
implant procedures enable immediate loading, catering 
promptly to the patient’s functional requirements [8]. 
Additionally, in the aesthetic enhancement of the ante-
rior dental region, the implant plate is a key tool for pre-
cise bone augmentation [9].

Despite these advances, questions remain regarding the 
potential increase in digital template deviation with the 
number of implants and the impact of digital template 
support on surgical accuracy [10]. Notably, tooth-sup-
ported templates exhibit the highest precision, whereas 
mucosa-supported variants are prone to greater mobil-
ity [11, 12]. Additionally, since the development of den-
tal resin and the limitation of interdental space, digital 
guides without metal sleeves have been widely used, and 
they have been proven to be more accurate than guides 
with main metal sleeves [13, 14]. Furthermore, the supe-
riority of digital over traditional techniques in terms of 
accuracy awaits further empirical validation through 
clinical studies, especially in fully edentulous Implant 
Placement [15].

Thus, to evaluate the efficacy of digital templates in 
edentulous implant placement and provide further clini-
cal evidence, this retrospective investigation seeks to 
assess the three-dimensional accuracy impact of a com-
prehensive digital template process on edentulous jaw 
implantation. By comparing preoperative designs with 

postoperative implant positions, this study aims to ana-
lyze deviations at various levels: the platform, apex, 
depth, and angular orientation. Our hypothesis posits 
that a full-process digital template will satisfy the pre-
cision requirements for edentulous jaw implantations, 
offering valuable clinical insights into digital template 
research and application.

Materials and methods
Patient selection
Our study included a patient with an edentulous maxilla 
who underwent an all-on-6 implant procedure guided by 
a digital template in the West China Hospital of Stoma-
tology. We evaluated the accuracy of an all-on-6 implant 
procedure in a patient with an edentulous maxilla, guided 
by a digitally fabricated digital template. This research 
was conducted at the West China Hospital of Stomatol-
ogy, with ethical approval details provided in the annex. 
Eligibility criteria excluded patients with systemic condi-
tions contraindicated for implant surgery, such as diabe-
tes, Sjogren’s syndrome, or cardiovascular diseases. Since 
it is a retrospective study, the inclusion criteria require 
patients to have good preoperative and postoperative CT 
data quality and complete data and information records.

Initially, the patient underwent preoperative maxillo-
facial Cone Beam Computed Tomography (CBCT). Sub-
sequent scans involved the patient wearing a radiopaque 
denture to enhance the maxillofacial region’s imaging. 
These scans, alongside the denture’s CBCT images, were 
integrated using 3-Shape software by aligning develop-
mental points. The intraoral scanner used for impres-
sion taking was the (TRIOS 3; 3Shape). Oral scan data 
were then incorporated to facilitate a three-dimensional 
reconstruction of the maxilla. A virtual three-dimen-
sional implantation plan was designed for positions 16, 
14, 12, 22, 24, and 26 using Computer-Aided Design/
Computer-Aided Manufacturing (CAD/CAM) technolo-
gies using 3-shape software. The guide plate was then 
fabricated from a biocompatible resin using a 3D printer 
(Formlabs, USA). For stabilization during surgery, the 
template was secured with 6 bone fixation pins. These 
pins were strategically placed to ensure maximum stabil-
ity and accuracy during the drilling and implant place-
ment phases. The prosthetic process involved immediate 
loading of the implants. After implant placement, a pro-
visional prosthesis was fabricated and fitted to the patient 
on the same day. The provisional phase was carefully 
managed by adjusting the occlusion and ensuring that 
the temporary prosthesis did not place excessive load on 
the implants during the healing period. This approach 
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allowed for both functional and aesthetic restoration 
while the implants integrated with the bone.

Data measurement
Postoperative evaluation entailed another CBCT scan 
to ascertain implant positions within the maxilla. The 
implant position was reconstructed using a digital tem-
plate and matched with postoperative CBCT in 3-shape 
software to restore the preoperative implant position 
and finally evaluate the surgical deviation. Following the 
lieratures [12, 16]. We measured four key parameters 
for each implant: deviations at the platform and apex, 
depth deviation, and angular deviation, using the soft-
ware’s measurement tools (Fig.  1). These measurements 
were conducted thrice by three independent observers to 
ensure accuracy, rounding off to two decimal places.

Data analysis
Our analysis referenced a consensus paper by Tahmaseb 
et al. (2018), which provided a meta-analysis on the pre-
cision of digitally guided implant placements [17]. This 
paper reported an average error at the implant platform 
of 1.2 mm, an apex deviation of 1.4 mm, a depth deviation 
of 0.2 mm, and an angular deviation of 3.5°. We employed 
SPSS22.0 for statistical analysis, comparing our findings 

against these benchmarks. Perform a single-sample t-test 
on the part larger than the average deviation after com-
paring each part’s deviation with the average deviation 
reported in the literature. A P-value of < 0.05 was deemed 
statistically significant, aiming to contribute to the body 
of evidence on the efficacy of digital templates in dental 
implantology, mean and 95% CI are shown.

Results
Our study aligned postoperative CBCT images with their 
preoperative counterparts to assess the discrepancies in 
implant positioning. Figure 2 illustrates this comparison, 
focusing on deviations across four critical dimensions: 
platform, apex, angular, and depth for each implant.

Platform deviations  Illustrated in Figs.  3A and 4A, 
platform deviations were analyzed for implants at posi-
tions 12, 14, 16, 22, 24, and 26. The observed mean devia-
tions were as follows: 0.98 ± 0.03  mm, 1.43 ± 0.02  mm, 
1.27 ± 0.04  mm, 1.35 ± 0.03  mm, 1.34 ± 0.02  mm, and 
1.42 ± 0.03 mm, respectively. At position 12, the platform 
deviation was much lower than at other positions, which 
are relatively concentrated. Although these values align 
with the consensus paper’s reported range, except for 
position 12, the averages exceeded the consensus paper’s 

Fig. 1  The method of measuring the deviation between planned implant and actual implant. (A) The method of measuring the deviation at the platform. 
(BC) The method of measuring the deviation at the apex. (C) The method of measuring the depth deviation. (D) The method of measuring the angular 
deviation
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mean platform deviation, indicating a statistically signifi-
cant difference.

Apex deviations  As depicted in Figs.  3B and 4B, we 
quantified the apex deviations for the same implant posi-
tions. The averages were 1.28 ± 0.02 mm, 1.39 ± 0.03 mm, 
1.47 ± 0.04  mm, 1.26 ± 0.04  mm, 1.40 ± 0.04  mm, and 
1.48 ± 0.03 mm, respectively. At positions 12 and 22, the 
apex deviation was minimal, and the deviation was more 
significant in the farther position. All measurements fell 
within the consensus paper’s deviation range, yet for posi-
tions 16 and 26, the deviations notably surpassed the 
consensus paper’s average apex deviation, marking a sig-
nificant discrepancy.

Angular deviations  The angular deviations, detailed 
in Figs. 3C and 4C, showed average deviations of 3.50°± 
0.08°, 2.87°± 0.07°, 3.49°± 0.06°, 3.36°± 0.10°, 3.41°± 0.13°, 
and 3.69°± 0.11° for each respective implant position. At 
position 14, the angular deviation was minimal, and the 
deviations of other positions were relatively concentrated. 
These deviations remained within the consensus paper’s 
expected range; however, position 26’s average angular 
deviation was significantly higher than the consensus 
average, suggesting a notable variance.

Depth deviations  Explored in Figs.  3D and 4D, depth 
deviations were presented as follows: 0.29 ± 0.03  mm, 
0.26 ± 0.05  mm, 0.59 ± 0.05  mm, 0.28 ± 0.04  mm, 

0.47 ± 0.02 mm, 0.53 ± 0.03 mm for each implant position. 
The depth deviation of positions 16, 26 and 24 was slightly 
larger than those of other positions. Although these devi-
ations complied with the consensus paper’s deviation 
range, the mean depth deviations exceeded the consensus 
average, indicating a statistically significant distinction.

Our study assessed the deviations between actual and 
planned implant positions across four dimensions 
(Table 1). The results underscore the precision achievable 
with digital guided implant surgery, even though certain 
deviations—specifically in depth and at certain posi-
tions—exceeded established benchmarks. This analysis 
not only reaffirms the reliability of digital guidance but 
also highlights areas for potential refinement in surgical 
planning and execution.

Discussion
The landscape of implant restoration has evolved sig-
nificantly, with improved clinical outcomes fostering 
acceptance among healthcare professionals and patients 
alike [17]. Among the methodologies for implant place-
ment—free-handed surgery, static computer-assisted 
surgery, and dynamic navigation—each presents unique 
advantages and challenges. Traditional free-handed 
approaches, while benefiting from the surgeon’s expe-
rience, often lack precision in implant orientation [18, 
19]. In the absence of digital technology, the precision of 
freehand implant surgery can be improved by the plastic 

Fig. 2  The match between the actual and planned implants. (A) The platform deviations of all implants. (B) The apex deviations of all implants. (C) The 
angular deviations of all implants. (D) The depth deviations of all implants
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sleeves [19]. In contrast, digital templates and navigation 
technologies offer enhanced three-dimensional place-
ment accuracy and reduced risk of compromising criti-
cal anatomical structures. Despite their merits, dynamic 
navigation systems are marked by high costs and com-
plex operation, particularly for patients with edentulous 
mandibles, where jaw movement poses additional chal-
lenges [20]. Thus, digital templates emerge as a preferred 
solution for these cases due to their accessibility and 
effectiveness.

Our study meticulously assessed the deviations 
between actual and planned implant positions across 
four dimensions (Table  1). Analysis revealed all devia-
tions fell within clinically acceptable ranges, though 

depth and platform deviations for most implants slightly 
exceeded consensus averages. It shows that the average 
deviation of the mucosa-supported digital templates are 
slightly larger than that of all digital templates, which is 
consistent with other literature [12, 21]. Notably, poste-
rior implants demonstrated more significant deviations 
than their anterior counterparts, attributed to opera-
tional constraints in tighter spaces, the looser alveolar 
ridge, and potential digital template movement due to 
mucosal elasticity and pin fixation depth [16, 22]. How-
ever, it is worth noting that the limitation of this retro-
spective study is that the number of patients included is 
small, and more clinical evidence is needed.

Fig. 3  The deviations of all implants were expressed as the means ± SD of triplicate measurements from three independent experiments. The (A) platform 
deviations, (B) apex deviations, (C) angular deviations and (D) depth deviations of all implants were measured
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Several variables contribute to inaccuracies, including 
the surgeon’s expertise, jaw density, mucosal thickness, 
guide design, and implant dimensions. Despite these 
challenges, digital templates enhance surgical precision 
but are not without limitations [23–25]. The method of 
support and stabilization, visibility during surgery, and 
drill type accessibility are influenced by digital templates 
use [3]. However, these technologies do not supplant the 
surgeon’s critical role, instead serving as tools to facilitate 
complex procedures [26].

To mitigate deviations and enhance accuracy, strategies 
include diversifying the anchor points of radio-digital 

templates, ensuring patient stability during imaging, vali-
dating digital templates fit on patient models, and lever-
aging remaining stable teeth to support tooth-guided 
implantation [27, 28]. In summary, digital templates 
stand as a pivotal tool in implant surgery, enhancing 
accuracy and offering a less invasive approach. Despite 
the absence of distinct anatomical markers in edentulous 
cases, digital guides significantly reduce surgical com-
plexity and trauma, meriting broader adoption in clinical 
practice.

However, some things could be improved in digi-
tal templates, including compromised site irrigation, 

Table 1  Statistical test for the deviation between the planned and actual implant positions
Group Implant sites

12 14 16 22 24 26
Platform deviation 0.98 ± 0.03 1.43 ± 0.02 1.27 ± 0.04 1.35 ± 0.03 1.34 ± 0.02 1.42 ± 0.03
Apex deviation 1.28 ± 0.02 1.39 ± 0.03 1.47 ± 0.04 1.26 ± 0.04 1.40 ± 0.04 1.48 ± 0.03
Angular deviation 3.50 ± 0.08 2.87 ± 0.07 3.49 ± 0.06 3.36 ± 0.10 3.41 ± 0.13 3.69 ± 0.11
Depth deviation 0.29 ± 0.03 0.26 ± 0.05 0.59 ± 0.05 0.28 ± 0.04 0.47 ± 0.02 0.53 ± 0.03

Fig. 4  The details of all deviations. (A) The platform deviations of all implants. (B) The apex deviations of all implants. (C) The angular deviations of all 
implants. (D) The depth deviations of all implants
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inability to modify the plan, and requirement of inter-
dental space, etc. The robot-assisted implant surgery and 
dynamic navigation do not need to use the digital tem-
plates, which can fill these defects and can achieve similar 
or exceed the accuracy of the digital template planting, 
especially in edentulous jaws [1, 29, 30], and probably are 
prospects regarding guided surgery. At the same time, 
artificial intelligence has identified and segmented spe-
cific structures such as bones, nerves, teeth, maxillary 
sinus, etc. In addition, there have been many studies on 
AI to develop implant planning and drilling protocol [31, 
32], but more evidence is still needed, which will be the 
future of implant restoration.

Conclusion
Our investigation into the three-dimensional accuracy 
of implant placement in an edentulous maxilla, guided 
by digital fabrication of a surgical plate, highlights the 
pivotal role of advanced technologies in dental implan-
tology. Despite the overall deviations remaining within 
acceptable clinical thresholds, our analysis revealed spe-
cific instances where precision could be further opti-
mized. Notably, the study confirmed the superiority of 
digital templates over traditional freehand techniques in 
terms of accuracy, while also identifying the influence of 
various factors on implant placement precision, such as 
the digital template’s support mechanism and the surgi-
cal environment. The findings advocate for a balanced 
approach that leverages the benefits of digital technolo-
gies while acknowledging the indispensable role of the 
surgeon’s expertise. This study has far-reaching implica-
tions for clinical practice. It provides a clinical basis for 
doctors to use digital technology and suggestions for 
improving the digital template’s accuracy. Future efforts 
should focus on delivering more clinical evidence, refin-
ing digital template design, integrating AI assistance, 
analyzing preoperative situations, enhancing surgical 
planning, and embracing a multidisciplinary approach to 
minimize deviations and improve patient outcomes. Ulti-
mately, digital templates represent a significant advance-
ment in implant surgery, promising more predictable, 
precise, and minimally invasive treatments for patients 
with dental deficiencies.
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